In the UK there is no Diet Quality Index (DQI) that enables estimates of diet quality to be made for children of different age groups. This paper discusses the methodological complexities of designing an appropriate DQI for children aged 10 years and under, using dietary data in the National Diet and Nutrition Survey (NDNS) in relation to UK dietary guidelines. Two stages of the process of developing this score are described. The final score was employed as an outcome measure in secondary analysis of the NDNS and as a means of sampling 48 case study children from the NDNS. This DQI, like all composite measures, produces a summary of overall dietary quality. This may mask individual . However, DQIs are methodologically dietary patterns and provide clear nutritional benchmarks for comparing dietary quality for population sub-groups. Our guidelines and is appropriate for use in quantitative analysis and for assessing diet quality more qualitatively for small groups of children.
children in England.
The following sections of matters, and describing some approaches. The next section describes the research project and data upon which this paper draws, explaining the need for a new measure. Following this, the paper addresses its main aim, suggests that, whilst it is an imperfect solution, this nutritional score enables comparison of the diet quality of different sub-groups of children in the UK.
Children are likely to maintain their dietary intake patterns from childhood into adolescence (Wang et al 2002) , with relatively little change in diet quality over time (Bertheke et al 2001) , suggesting dietary habits learnt in infancy can influence preferences and practices in later life (Cockcroft et al 2005) . Establishing a healthy lifestyle in childhood has been shown to have both immediate and long term consequences for mic wellbeing (Feinstein et al 2008; Golley et al2010) . Diets that are particularly rich in fruit and vegetables are now globally recognised as having protective effects against cardiovascular diseases and certain types of cancer (Block et al 1992; Cockcroft et al 2005; Ness &Powles 1997) and to have a positive impact on long-term health outcomes from heart disease and asthma for children (Forastiere et al 2000; Nicklas 1995) . Since research has shown that the quality of s of different sub-groups and appropriately target and evaluate interventions.
Conceptualising and measuring diet quality
Since the beginning of the 21st century, health practitioners, nutritionists and other scientists have been working to create tools to establish and measure diet quality, so that assessments can be made about whether a high proportion of high fat processed foods) and quality in terms of consumption of particular food items, developing a single indicator for the measurement of overall diet quality is a mo 2000: 358) .
Alongside evidence supporting the positive impact of individual food items, such as fruit and vegetables, on long-term health and well-being, it is increasingly ack groups of individuals eat which comprise the overall diet, rather than the presence or absence of specific food items, that is ultimately of importance to nutrition 2001: 787). As such, McNaughton et al items or nutrients but also the types of food that that make up their whole diet. Researchers have conceptualised the measurement of overall diet quality in two broad ways. The first is concerned with which foods are eaten in combination (food patterns). The second involves considering the nutritional value of different foods relative to guidelines (Diet Quality Indexes).
In epidemiological studies, individual diets are now being characterised not only in terms of the quantity of individual dietary components consumed but also in terms of how the overall diet is made up (i.e. the pattern of the diet) (Fahey et al 2007) . This is because, as Nort relationship between several socio-demographic factors and various components of diet, such as the frequency of food consumption of individual foods, can be difficult to summarise, and since many isolated foods form individual foods and nutrients also have the inherent problem of inter-correlations in that they are often eaten together. Different types of food may together be a stronger and perhaps more accurate description of diet than consideration of individual food items in isolation. Some of the reported drawbacks of analysing individual foods or nutrients can be overcome through employing statistical techniques that identify the underlying dimensions of a set of variables based on the inter-correlations of those variables. For example, cluster analysis has been used to allocate individuals to distinct groups based on their similar dietary characteristics (e.g. James 2009; or for grouping dietary information into food groups (e.g. Brunner et al 2008; Crozier et al 2006; Wirfält et al 2000) . In such analyses, individuals/foods within each cluster group tend to be similar but differ from individuals in another cluster.
Currently, Principal Components Analysis (PCA) is the most popular technique for examining food patterns . PCA is a method combining data reduction (by grouping correlated variables together) and identifying the underlying dimensions of the data. PCA has been usefully employed in several studies to examine the diets of adults (e.g. Barker et al., 1990; Whichelow& Prevost 1996) and children (e.g. North & Emmett 2000; Craig et al 2010) . However, despite being widely used in nutritional epidemiology, there have been some criticisms of the use of data driven approaches, such as PCA, to derive dietary patterns. For example, some have argued the exploratory nature of this method in individual studies means that the technique lacks repeatability between studies (Hu 2002; Jacques & Tucker 2001; Martinez et al 1998) and others have suggested that PCA produces disappointing results when deriving dietary patterns that are predictors of disease (Hoffmann et al 2004) .
It has been argued that Diet Quality Indexes (DQIs), have certain advantages over data-driven dietary pattern approaches, such as PCA, because they are based on existing knowledge of optimal dietary patterns and provide a clear nutritional benchmark (McNaughton et al 2008: 86) . As such, DQIs can be used to assess how official dietary guidelines at the nutrient and food level are met by populations and sub-groups (Armstrong et al 2009:4; Dubois et al 2000; Huijbregts et al 1997) . Two commonly used measures are the Healthy Eating Index and the Revised Diet Quality Index (Haines et al 1999; Kennedy et al 1995) . Both of these are based on the U.S. dietary guidelines and include both food and nutrient-based indicators. Whilst there has been some adaptation of the range of indicators to reflect the dietary guidelines in other countries (e.g. McNaughton et al2008), as far as we know in the UK there is currently no single measure that enables dietary intakes of children of different age groups to be compared to the Dietary Reference Values (DRVs) produced by the Department of Health (Department of Health 1991) . This is problematic for researchers, such as us, aiming to compare the diet quality of different sub groups of children in a systematic way.
Aims, Data and M ethods Background
This paper draws on a study which set out to examine the relationship between maternal employment status 2009). This included secondary analysis of the National Diet and Nutrition Survey (NDNS Year 1, 2008/09) and qualitative methods (including interviews) with an in-depth sample of 48 households, drawn from the NDNS 2009/10. The linked qualitative study aimed to get underneath the findings from the secondary analysis and provide a fuller picture. The purposive sampling strategy for the qualitative study sought to include children from the NDNS employment. The study specified an age range of 1.5-10 years. This was because the focus was on families with prenell et al 2009 for further details). For this study, we developed a Diet Quality Index (DQI) for children aged 10 years and under. This was used as an outcome measure in regression analysis and a means of selecting the in-depth sample. We have termed this DQI a
Aim of this paper
The aim of this paper is to describe the development of the aforementioned nutritional score for assessing diet quality of children aged 10 years and under. As we go on to describe below, there were two stages to this process; the final method represented a refinement of the earlier attempt.
Data
The nutritional score was developed using diet data from the National Diet and Nutrition Survey (NDNS Year 1, 2008/09). The NDNS is regarded as a world leading resource for measuring diet intake and is the only rolling UK survey to collect nationally representative and detailed dietary information on children and adults (Bates et al, 2011) . Previously, the NDNS programme consisted of a series of discrete surveys each covering a specific age group . A key advantage of the NDNS is that it contains linked data on food consumption, nutrient intake, physical measures such as height and weight, nutritional status and contextual information on individuals, such as socio-demographic characteristics, shopping and cooking behaviour and physical activity information. Some NDNS data have been analysed by social class (Gregory & Hinds 1995 Dietary information for children taking part in the NDNS is collected through a four day estimated (unweighed) food and drink diary. For children aged 12 years and under the parent/carer is asked to complete the four-day diary, with help from the child (as appropriate). Children over 12 are asked to complete the diary themselves but details are confirmed, where necessary, with the Main Food Provider (MFP) the person in the household who is identified at the point of the NDNS interview as being responsible for food provision (including cooking). In the diary, respondents are asked to describe their food and drink consumed, giving as much detail as possible. They are asked to include extras like sugar and milk in tea or on cereal, butter or other spreads on bread and sauces such as ketchup and mayonnaise. If they knew how the food was cooked (e.g. roast, baked, boiled, fried), they were asked to record this, or if unsure to ask the person who prepared the food. The dietary information collected was coded and edited by the dietary assessment team at MRC Human Nutrition Research, using their in-house dietary assessment system DINO (Data In -Nutrients Out) and incorporating the NDNS Nutrient Databank (which contains data on the nutrient content of foods). Dietary records are converted to energy and nutrients as part of DINO and checked for outliers prior to reporting. Dietary Intake data are available to other researchers on the UK Data Archive held at the University of Essex. The dietary information is provided in the archive as derived variables which show the portions of food consumed by each participant. Nutrients are provided as the average daily intake and the contribution from different food types. The NDNS therefore provides rich data not only about the types and frequency of food consumption but about the nutritional quality of food, which can be used to develop a nutritional score.
Our qualitative sample (n=48) was drawn from the NDNS (NDNS Year 2, 2009/10). Participants of the 2009/10 NDNS were asked if they were willing to be contacted to participate in follow-on research. We were the first research team to be granted permission to use the NDNS for sampling research participants (as part of our funding agreement with the Food Standards Agency (FSA) and Economic and Social Research Council (ESRC)). We were given the contact details of those who had agreed to be contacted again at the time of the dietary assessment interview. At this point, the full NDNS data release for 2009/10 was being prepared for archiving to the UK Data Archive. However, much of the coding of variables had yet to be done. This meant we were restricted in the information we could be given about the 2009/10 NDNS participants who agreed to yment status). However, detailed information about diets could not be supplied at the point at which we drew our sample for the case studies. We were limited instead to provided to each individual participant about his or her own intake within three months of the diet record being completed. This provides information about the individual intakes of fat, saturated fat, Non-Milk Extrinsic Sugars (NMES), dietary fibre (as non-starch polysaccharide (NSP)), Vitamin C, folate, calcium, iron and energy (Table 1) relative to average intakes for each of these items for children in the UK, these being based on the results for children of this age from the NDNS conducted in the 1990s . This information is what we used to calculate our nutritional score. The nutritional score developed was employed in both the secondary analysis (as an outcome measure in regression analysis) and for selecting the qualitative sample cases. This was essential in order to achieve a tool that would enable the results of our mixed-methods research design to be integrated and so that we could contextualise our case studies. We were also careful to develop a nutritional score that could be specifically applied to children in the age range we were interested in (10 years and under).
Food

Nutritional score: first calculation method
Our first nutritional score produces a score for each child based on their intake of key nutrients relative to dietary guidelines (Department of Health 1991), which varies for some nutrients according to the age of the child. It followed the methodology developed by Kranz et al (2006) for a representative sample of 2-to 5-yearolds in the US Department of Agriculture Continuing Survey of Food Intakes by Individuals 1994-96 and 1998, which was a DQI designed to rank preschool children by their diet quality. All the nutritional items and adults, the current UK recommendation is not to limit fat in young children under five years (Department of Health 1991) . In addition, energy intake was also excluded because the recommendation for energy is based on a moderate level of activity being undertaken. There were no data available for physical activity or energy expenditure in sedentary and the recommendations are therefore inappropriate (Department of Health 1991) .
The same weighting (of 5) was allocated to each nutritional item but a higher weight of 10 was allocated to NMES (Table 2) to take account of UK guidance for young children to reduce their intake of foods high in fat and foods and drinks high in free sugars (Department of Health 1991) . By having a higher weight for NMES, children scoring highly on this nutritional component would obtain a higher score in the overall nutritional score. The allocation of points was proportional to the deviation from the ideal (defined as the recommended intakes). For the first nutritional scoring method, two formulas were developed. The first calculated an over consumption of NMES, whereby, if a child met the level at or below the guideline for NMES (11% energy), he or she would get the maximum score for NMES. Another formula was calculated for under consumption of calcium, iron, vitamin C, folate and fibre, whereby if a child met or exceeded the reference nutrient intake (RNI) for calcium, iron, C, folate or fibre, they would get a maximum score for that component. NMES and nutritional score as follows:
-saturated fat: raw score*9/Energy*100 -NMES: raw score*3.75/Energy*100.
The total nutritional score was calculated as a sum of the scores obtained for each of the nutritional items (for NMES, calcium, iron, vitamin C, folate and fibre) and expressed as a percentage. Hence, for example, if a child aged 5 years had an average intake of 16.7 per cent energy for NMES, 11.2 g/d for fibre, 25 mg/d for vitamin C, 75 µg/d for folate, 300 mg/d for calcium and 5 mg/d for Iron as an average of the four days of recording in the diary, their total nutritional score using this scoring method would be 76 per cent (see figure  1 ). This first calculation method for our nutritional score as described above was compared for three different participants from the NDNS 2009/10 who agreed to be contacted again for further research, and the sampled cases from this pool that were included in our qualitative analysis (48 cases but only 47 had dietary information). The three samples were compared because we wanted to ascertain a) how well the calculation method represented the qualitative cases selected for the inand b) how the selected qualitative cases compared (in terms of diet quality) with the larger pool of potential participants for our in-depth study. This was in order to rule out (or adjust) for any potential bias.
Analysis comparing the three samples showed this first calculation methodology for our nutritional score did not differentiate the qualita s result is perhaps unsurprising as this calculation method converts the intakes of each nutritional component into fractions rather than covering the entire range of intakes, which would give a wider range of possible scores. Highest  100  91  100  89  73  94  Lowest  76  23  76  23  11  14  Mean  89  61  89  59  43  55 In addition, as some of the nutritional components are not static, it could be argued to be inaccurate to give a single score to everyone over or below a set level (as in the first calculation method). Current recommendations for Vitamin C for example are that higher intakes are better because of antioxidant properties (Department of Health 1991) . Therefore, scoring for this nutritional component should ideally increase in line with higher intakes of Vitamin C but only up to a threshold because there is evidence to support the body can only store a certain level of Vitamin C so that intakes above this level are of no further benefit (see for example Levine et al 1995) . Perhaps allocating scores above and below a threshold does not therefore reflect the complexity of the physiological role of the nutrient in the body and its impact on health.
Nutritional score: refined method of calculation
To address some of our concerns with the first nutritional method, we developed a modified calculation method for our nutritional score, which aimed to capture better the complexity of the nutrients and take into account the normal ranges observed. In this revised nutritional score, the same nutritional components were included as our earlier method. However, with this method, points were awarded in relation to different ranges of intake of each nutritional component, with each range informed by current UK guidelines for young children (Department of Health 1991) , the age of the child and published expert opinion (FSA 2002) . For example, for vitamin C, RNI is 30mg daily (Department of Health 1991) . Evidence also shows median intakes of vitamin C from food and supplements in young people and in adults range from 50 to 68.5 mg/day (FSA 2002) . Therefore, 30mg and 70mg were used as the upper and lower ranges of our scoring system for vitamin C. Table 4 shows the ranges and scoring allocated to each range for each of the nutritional components, for each age group of children, in the revised nutritional score. As with the first scoring method, NMES and saturated fats were initially converted int Using the revised nutritional scoring method, the distribution of scores was less skewed towards the upper end of the using the revised calculation method compared with 89 per cent mean score for the first calculation method: Table 3 and qualitative cases were closer to the mean scores derived for the whole NDNS sample using the 2008/9 wave one data using the revised method (Table 3: a derived mean , derived for the whole NDNS sample for 2008/9 using the Year 1 data). In addition to differentiating the 47 qualitative cases in terms of their diet, we employed the revised nutritional score in our study in our secondary analysis. We found no statistical relationship between the nutritional score (as calculated using the revised method) and maternal employment (Simon et al under review) .
Discussion
This paper reports on the development of a nutritional score which was needed to assess diet quality of children in a mixed methods research study. This study utilised the National Diet and Nutrition Survey (NDNS), which is the most comprehensive UK survey to collect nationally representative and detailed dietary information on children and adults. This made it an ideal resource from which to construct a Diet Quality Index. Our nutritional score enables the nutrient intakes of population sub-groups (in this case, younger children with and without mothers in paid employment) to be compared relative to each other and to national recommendations. Since these data are calculated using four day diet diaries, which are good measures of diet at the aggregate and individual level (Stephen 2007) , this scoring method is appropriate for use in secondary analysis and for assessing diet quality more qualitatively for small groups of children.
Our nutritional score has been designed for specific use with NDNS data for children aged 10 years and under. Therefore, it may not be suitable for use with other datasets and would require modification, such as including terms for fat and/or saturated fat to be used for examining diet quality of other population sub-groups including methodological advantages over alternative methods. For example, PCA and food cluster analysis are data driven methods which derive subjective patterns from underlying data. In contrast, DQIs, such as our nutritional scoring method, are derived in relation to actual guidelines for the groups under investigation.
We suggest our revised nutritional score offers a more accurate method than the first nutritional score because it better captures the complexity of nutrients and takes into account the normal ranges observed. However, we do not claim that either of our nutritional scores is perfect. The purpose of this paper is to suggest first steps into developing a scoring method based on nutritional information for use for assessing diet quality for young children (aged 10 years and under), which did not exist in the UK prior to our study. We would welcome other researchers further developing this tool and also assessing its applicability and use in other large studies and surveys. , with Professor Julia Brannen, manages two current studi Alison Stephen is Principal Investigator Scientist at Medical Research Council Human Nutrition Research. Her research interests include gastrointestinal function, particularly the roles of dietary fibre and starch, and more recently, dietary trend analysis, particularly fat, carbohydrate and energy. She has considerable experience in issues relating nutrition to food policy, dietary surveys and methodologies, and regulatory affairs. She has worked within the private and charitable sectors, and has been closely involved with the Canadian and US government departments associated with food policy and with FAO/WHO.
